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A study has been made of the diphenylamine test for aliphatic nitrocompounds. It is 
not given by all nitroparafhns. However, the test is at least a thousand times more sensitive 
than previously supposed. Structural factors are discussed. 

Spectroscopic measurements indicate that the blue color in the diphenylamine test with 
nitrosating agents is similar to that produced by oxidizing agents. It is probably caused 
by colored phenazine and benzidine derivatives. A possible free radical mechanism for the 
reactions involved is presented. 



1. Introduction 

The blue color that has been obtained by the action 
of nitrosamines, nitrates, nitrites, and aliphatic nitro- 
compounds on diphenylamine in sulfuric acid has 
been regarded [1] ^ as a specific test for these sub- 
stances in the absence of various oxidizing agents 
that also produce a blue color. In view of the fact 
that certain nitrocompoimds did not give this test, 
a reinvestigation with pure aliphatic mono- and poly- 
nitrocompounds seemed in order. 

The nature of the blue color itself has been the 
subject of investigations by Wieland [2, 3] and 
Kehrmann [4, 5] and their coworkers, but evidence 
about the structure of the colored products has been 
incomplete. It therefore seemed desirable to obtain 
spectroscopic evidence as to the nature of the colored 
products. 

2. Experimental Details 

2.1. Reagents and Materials 

a. Sulfuric acid solution (approximately 29 A^) was 
prepared by adding 4 volumes of sulfiu^ic acid 
(approximately 36 A/ ) to 1 volume of distilled water. 

b. Diphenylamine reagent was prepared daily by 
dissolving 20 mg of recrystallized diphenylamine in 
100 ml of warm 29 A^ sulfuric acid solution. 

c. Aliphatic nitro compounds, some of which were 
laboratory preparations and others commercial prod- 
ucts, are listed in table 1. 

d. N-Nitrosodiphenylamine, mp 67° O, was ob- 
tained by nitrosation of diphenylamine [6]. 

e. Tetraphenylhydrazine was prepared by oxidizing 
diphenylamine with lead dioxide [7]. 

f. N',N^-Diphenylbenzidine, mp 238° C, was pre- 
pared by rearrangement of tetraphenylhydrazine 
with sulfuric acid [7]. 

g. N ,N' -Diphenyldihydrophenazine, mp 170° C, 
was obtained by refluxing tetraphenylhydrazine with 
toluene [2]. 

♦Present address. Blockson Chemical Co., Joliet, 111. 

1 Figures in brackets refer to references at the end of this paper. 



Table 1. Results 



of the diphenylamine test for aliphatic 
nitrocompounds 



Compound 


Time in minutes before 
appearance of blue color » 


Direct 
method 


Indirect 
method 


Nitromethane . _ . 


b Negative... 

do 

_ do 


Negative. 

Do. 

Do. 
1. 

5. 

Negative. 

Do. 

Do. 
5. 
0.5. 

9. 

1. 

Immediate. 

0.2. 

Negative. 

3. 

Negative. 
3. 
Negative. 


Tetranitromethane 

Nitroethane _ _ 


1-Chloro-l-nitroethane 


IJ-^ 


1, 1-Dinitroethaiie 


6to20 

Negative 

. do 


1-Bromo-l ,1-dinitroethane 


1,1,1-Trinitrocthane. _ ._ . . 


l-Nitropropane 


dob 


1-Chloro-l-nitropropane . 


4 to 6 . 


1 ,1-Dichloro-l-nitropropane 


0.5 


1,1-Dinitropropane _ 


22 


2-Nitropropane 


5to6 

0.2 

Immediate --- 
Negative 

3 


2-Bromo-2-nitropropane 


2-Chloro-2-nitropropane 


2,2-Dinitropropane _ 


2-Nitro-2-methyl-l-propanol 


l,3-Dinitro-2,2-dimethylpropanc 


Negative 

Immediate. -- 
Negative 


2,3-Dimethyl-2,3-diiiitrobutane 


/3-Nitrostyrene 





a A test was regarded as negative after 1 hr. It is evident that the time required 
for the formation of the blue color would be dependent upon various factors, 
including purity and structure of the substance. 

b The unpurified sample gave a positive test with 1 mg of nitrocompound. 



2.2. Performance of the Diphenylamine Test with 
Pure Aliphatic Nitrocompounds 

a. Direct Method 

Ten microliters of liquid or 10 mg of solid nitro- 
compound was dissolved in 10 ml of the sulfuric acid 
solution, and 10 /zliters of the resultant solution was 
added to 1 ml of diphenylamine reagent. The test 
tube containing the mixture was maintained in a 
boiling water bath (approximately 98° C) for 1 hr. 
The time required for the appearance of a blue color 
is recorded in table 1 . Although a test was regarded 
as negative if no blue color was observed within 1 hr, 
actually in such cases no blue color appeared even 
after 8 hr. With nitrocompounds which give a posi- 
tive test the lower limit of sensitivity seemed to be 
in the neighborhood of 1 /xg. 
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Figure 1. Gas evolution apparatus. 



b. Indirect Method 

In tube A of the apparatus, figure 1, was placed 
10 mg of solid or 10 juliters of liquid nitrocom- 
pound and 2 ml of the sulfuric acid solution. Tube 
B contained 2 ml of dipbenylamine reagent. The 
apparatus was maintained at 98° C for 1 hr while 
a slow but continuous stream of air was allowed to 
flow through the system. In a blank determination, 
the air did not show oxidizing effects. As before, 
a test was again regarded as negative if no blue 
color was observed in tube B within 1 hr. The results 
are recorded in table 1. The test performed in this 
manner required more than 1 mg of nitrocompound. 

2.3. Isolation of iV-Nitrosodiphenylamine formed in 
the Diphenylamine Reaction 

In tube A of the gas-evolution apparatus (fig. 1), 
maintained at 98° C, was placed 500 mg of 2,3- 
dimethyl-2,3-dinitrobutane and 5 ml of the sulfuric 
acid solution. Fifty milligrams of purified diphenyl- 
amine, dissolved in 5 ml of ethanol, was placed in 
tube B, which was surrounded by an ice bath. Air 
was passed through the apparatus at a moderate 
rate for 1 hr. The solution in tube B was diluted 
with water to turbidity and refrigerated overnight. 
The yellow crystals, after recrystallization from pen- 
tane, melted at 66° to 67° C and did not depress the 
melting point of an authentic sample of A^-nitro- 
sodiphenylamine (mp 67° C). 

2.4. Spectroscopic Study of the Blue Color 

Solutions containing 8 mg of the following sub- 
stances were prepared with 100 ml of diphenylamine 
reagent and allowed to stand overnight at room tem- 




300 400 500 600 700 800 900 1000 
WAVELENGTH, m,u 

Figure 2. Some absorption curves 

related to the oxidation and nitrosation 

of diphenylamine, 

perature; A, sodium nitrite; B, potassium nitrate; C, 
2,3-dimethyl-2,3-dinitrobutane; D, A^-nitrosodiphen- 
ylamine; E, hydrogen peroxide; F, 1,1-dichloro-l- 
nitropropane; G, sodium chlorate; H, 2-nitropro- 
pane; I, tetraphenylhydrazine ; J, A^,A^'-diphenyl- 
dihydrophenazine+ sodium nitrite; K, A^,iV'-di- 
phenylbenzidine+ sodium nitrite; L, J+K (1:1). 
Substances D, I, J, K, and L, however, were dis- 
solved in 29 A^ sulfuric acid solution containing no 
diphenylamine. The deep-blue solutions that re- 
sulted were then diluted with the sulfuric acid solu- 
tion to approximately the same relative intensity, 
and absorption spectra were determined for each 
solution from 320 p, to 1,000 p with a Beckman 
spectrophotometer. The absorption curves are pre- 
sented in figure 2. 

3. Discussion of the Diphenylamine Test 

3.1. Effect of Structure of the Aliphatic Nitrocom- 
pounds 

From the results presented in table 1, it is apparent 
that the aliphatic nitrocompounds may be divided 
into two general groups (table 2). (1) Nitrocom- 
pounds that have either a single hydrogen atom or 
three alkyl groups attached to the carbon bearing 
the nitrogroup give a positive reaction. (2) On the 
other hand, primary nitroparafRns, 2,2-dinitro- and 
1,1,1-trinitrocompounds do not give the test. It is 
interesting to note that halogen apparently behaves 
in this test in the same manner as an alkyl group. 
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Figure 3. Proposed mechanism for reactions of primary, 
secondary, and tertiary nitroparafflns in sulfuric acid. 

A possible explanation for this behavior can be 
arrived at by considering the reaction of nitropar- 
afRns in relatively concentrated sulfuric acid. It 
is believed [8] that sulfuric acid adds to the double 
bond of the aci-form of nitroparaffins (fig. 3) and the 
product loses water to form a nitroso derivative, 
which in the case of primary nitroparaffins (A), 
would enolize to a sulfated hydroxamic acid deriva- 
tive. This, in turn, could hydrolyze through the 
hydroxamic acid to the carboxylic acid and hydrox- 
ylamine sulfate. Hydro xylamine not only does not 
give a positive diphenylamine test, but actually 
tends to inhibit the formation of the blue color. 
By an analogous series of reactions (fig. 3) one may 
consider that secondary (B) and tertiary (C) nitro- 
paraffins could yield nitrous acid under similar con- 

Table 2. Results of the diphenylamine test for aliphatic 
nitro compounds 



Positive 


Negative 


NO2 

R— CH— R' 

R" 
1 
R— C— NO2 


R— CH2— NO2 

NO2 

R— C— R 
1 
NO2 

R'^'— C(N02)3 



R, Alkyl; R', alkyl, nitro, or halogen; R", alkyl or halogen; R" 
alkyl or nitro. 



CgH-NH-qHj(i) 



/ (NO) \ 



a H - N-CK ► CM- N-CM. 




NO "°' / 



CeHrN=(^)^ ^hNH-C,H,+H. 

(NO) 1(0) 

\=/ (JD) ^^Z 

[(H^sq) 

I^^^^rNH=(3) = (l)=NH-C,Hj2 OSO3H 



(CeH,)rN-N-(CgH^)3 ,is 

OX)'- 

I (X) 

(O)l(NO) 

CeH, 

CeH, 

+ H. 



<^.>vmA^^ 



N 





2 OSO3H <™> 



DIPHENYLBENZIDINE QUINHYDRONE 

Figure 4. Electronic interpretation of the oxidation and nitro- 
sation of diphenylamine. 

ditions. Actual experimental support for the forma- 
tion of nitrous acid or oxides of nitrogen was indi- 
cated by the fact that tliose nitrocompounds that 
gave a test by the direct method also gave it by the 
indirect method. Further substantiation was afford- 
ed by isolation of iV-nitrosodiphenylamine from 
the reaction of a tertiary nitroparaffin with sul- 
furic acid, as described in section 2.3. 

3.2. Nature of Blue Products Formed 

In order to ascertain the nature of the blue color 
derived from diphenylamine, sulfuric acid solutions 
containing various oxidizing and nitrosating agents 
were prepared with this reagent, and spectroscopic 
curves were determined (fig. 2). The absorption 
curves obtained after either oxidation (B, E, and G) 
or nitrosation (A, C, D, F, and H) of diphenylamine 
are quite similar. According to Kehrmann and his 
coworkers [4, 5], the blue color obtained by oxidation 
of diphenylamine in sulfuric acid is caused by a 
quinoidal immonium salt of diphenylbenzidine 
(VIII, fig. 4), in equilibrium with a hypothetical 
substance termed * 'diphenylbenzidine quinhydrone.^^ 
In support of this hypothesis, they succeeded in 
isolating diphenylbenzidine in good yields by the 
zinc-dust reduction of their blue-colored products. 
Furthermore, Wieland and Gambarjan [7] were able 
to show that diphenylamine can be oxidized to 
tetraphenylhydrazine, which in turn could be rear- 
ranged in sulfuric acid to A^,A^''-diplienylbenzidine. 
In his earlier work, Wieland [1] had reported the 
isolation of A^,A^'-diphenyldihydrophenazine (XII, 
fig. 4) from tetraphenylhydrazine in toluene and 
postulated that some such phenazine sulfate deriva- 
tive as represented by formula XIII (fig. 4) may be 
responsible for the blue color in the diphenylamine 
test. Therefore, both iV,A^'-diphenyldihydrophena- 
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zine and A^,A^'-diphenylbenzidme were synthesized. 
After treatment in sulfuric acid solution with sodium 
nitrite, they gave spectral curves J and K, respec- 
tively. A mixture of both substances upon treat- 
ment with nitrite gave a curve, L, quite similar to 
curves A through H. Thus, it would seem that both 
phenazine sulfate and benzidine sulfate derivatives 
may be responsible for the blue color obtained from 
diphenylamine with either nitrosating or oxidizing 
agents. In addition, curve I, obtained for tetra- 
phenylhydrazine, indicates that this substance also 
may be an intermediate in the reaction. 

A possible explanation for the formation of the blue 
color is outlined iij figure 4. Diphenylamine (I) on 
treatment with oxidizing agents, such as potassium 
nitrate, hydrogen peroxide, and sodium chlorate, 
could give the free radical diphenylnitrogen (II), 
which could also be obtained from (I) by way of 
A^-nitrosodiphenylamine (III). The latter com- 
pound, which has been isolated previously by the 
action of sodium nitrite and hydrochloric acid on I, 
was also obtained from an aliphatic nitrocompound 
in this study (section 2.3). The free radical II, 
which is probably in equilibrium with tetraphenyl- 
hydrazine (IV), may be written as the paraquinoid 
form (V). This latter free radical may displace a 
parahydrogen atom of another molecule of dipheny- 
lamine (I), giving A^,A^'-diphenylbenzidine (written 
as a monoquinoid structure VI), which, on further 
oxidation or nitrosation, may be converted by way of 
a diquinoid structure VII to a sulfate such as VIII. 

The formation of a phenazine derivative may be 
explained as follows: The free radical diphenylnitro- 



gen (II) may displace an orthohydrogen atom from 
another molecule of diphenylamine, giving a deriva- 
tive of o-phenylenediamine (X), which, by way of 
another free radical (XI), may be converted into 
iV, A^'-diphenyldihydrophenazine (XII) . 

The results obtained by Kehrmann and Wieland, 
in conjunction with the spectral curves presented 
herein, seem to indicate that blue-colored derivatives 
of both phenazine and benzidine are probably in- 
volved in the diphenylamine test. The free radical 
interpretation is also supported by the fact that 
nitroso diphenylamine dissolved in sulfuric acid gives 
a curve similar to those obtained from diphenyl- 
amine upon treatment with oxidizing or nitrosating 
agents; hence, nitrosodiphenylamine may be an 
intermediate when diphenylamine in sulfuric acid is 
treated with either sodium nitrite or aliphatic nitro- 
compounds. 
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